Effects } 0.01 (thulium doped zinc borotellurite glass) were investigated. Glass samples were prepared using the melt-quenching technique. Density and ultrasonic velocity of glasses before and after irradiation process were measured using Electronic Densimeter MD-300S and Ritec Ram-5000 Snap System, respectively. Next, elastic moduli and Poisson's ratio of the glasses were calculated. Atomic ring size of the glass network was also calculated to support the attained results. Results show that density varied after radiation and maximised at 20 kGy. This is attributed to the breaking and rearrangement of chemical bonding in the glass network due to radiation. Furthermore, all elastic parameters exhibited an increasing trend that indicated the strengthening of the glass samples as well as increment of its rigidity. Besides that, atomic ring size was found to decrease as radiation dose increased. This indicate that compaction of glass network took place as the samples were exposed to gamma rays which in turn contributed to the elevation of elastic moduli of the prepared glass.
Introduction
Glass materials have attracted the attention of many research due to their properties, which are different as compared to crystalline materials, such as isotropic conduction, absence of grain boundaries, ease of fabrication into complex shapes, wide compositional flexibility, and high ionic coupled with low electronic conductivity [1] . These features have made them widely used as doors, windows, and containers and also for technological applications in communication, medical, and military fields. From the various types of glass available, tellurite glass is found to have some advantages that make it more interesting than the other glass formers, such as low melting point, high refractive index [2] , and high rare-earth solubility [3] . Nevertheless, tellurite is also known as a conditional glass former where it can only produce glass with the addition of another chemical. This addition will improve glass forming ability of tellurite glass as well as changing the other properties of this glass.
Incorporation of rare-earth oxides is found to have the ability to improve optical properties of glass and make it a promising candidate to be applied in photonics, optoelectronics, and laser. Nonetheless, insertion of rare-earth element in a large amount into the glass compound will cause the glass to have high fragility, thus making it difficult to produce. Besides that, there are also some cases whereby glass attains a crystalline nature. Hence, another way must be used to further improve the material properties while using a small amount of rare-earth. Gamma radiation can be used to overcome this problem as it was found to be able to modify material properties when interactions occur.
Nowadays, there is some research that reported on effects of gamma radiation on optical and structural properties of borotellurite glass. Mustafa et al. (2013) [4] stated that the exposure of gamma radiation at 35 kGy dose causes the reduction of all the structural units of tellurite and borate. This indicates that breaking of network bond occurs as glass is exposed to gamma rays. Azuraida et al. (2015) [5] is also in agreement to this reasoning and confirmed by the data shown in the FTIR spectra. Nevertheless, study on the effects of gamma radiation on elastic properties of borotellurite glass was found to be very few. Hence, the aim of this research is to provide more information regarding this matter. After that, all chemicals were grounded for 30 minutes to obtain a homogenous mixture and then mixed together in an alumina crucible. Next, the mixture was put into the first furnace at 400ºC to undergo a pre-heating process for one hour. Then, the mixture was melted in the second furnace at 900ºC. After one hour, the molten was poured into a stainless-steel mould that was pre-heated at 400ºC and then placed in the first furnace again for annealing process. This process took place for two hours. Lastly, the furnace was turned off and the sample was left overnight to cool down at room temperature. On the next day, the glass sample was cut into 5 mm thickness and polished to obtain clear and parallel sides. The samples were tested and then radiated with gamma rays that varied from 10-35 kGy at room temperature.
Methodology
The density of the glass before and after irradiation process was measured using a densimeter with distilled water as the immersion fluid while elastic properties were measured using ultrasonic testing. The equation below is used to calculate density:
where is density, is weight in air, is weight in water and is density of distilled water.
From the ultrasonic testing, the longitudinal and shear wave velocity were obtained and the elastic moduli of the glass can be calculated using the following relations: Longitudinal modulus, :
Shear modulus, :
Bulk modulus, :
Young's modulus, :
Poisson's ratio, :
where v L is longitudinal velocity, v s is shear velocity, and ρ is density of glass.
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Atomic ring size was calculated based on the value of the first order stretching force constant and coordination number of each chemical oxide used in the experiment and also bulk modulus of the glasses.
where is atomic ring size, is average stretching force constant and is bulk modulus. Density of the prepared glass before and after being radiated with gamma rays is shown in Figure 1 . It was found to decrease at 10 kGy, maximise at 20 kGy, and then decrease again until 35 kGy. According to Ruller et al. (1991) [6] , bombardment of gamma rays into the glass sample caused the formation of void in the glass network. This was due to the trapping of electrons or holes produced by ionisation. Hence, the chemical bond might be ruptured or elongated and led to density reduction. Density increment at 15 and 20 kGy can be attributed to a phenomenon known as radiation-induced densification. This phenomenon happens due to rapid local cooling that follows after irradiation process. As radiation dose increased, cooling rate of the glass also increased. This in turn contributed to elevation of density as this parameter is dependent on the quench rate of a glass [7] . Besides that, compaction of structure and a tightening effect might occur in the network at this point. Radiation process caused displacements, electronic defects or breaking of bonds. This allowed the structure to relax and fill the relatively large interstices that existed in the interconnected network [8] . Furthermore, changes in the structural units of B 2 O 3 from trigonal BO 3 into tetrahedral BO 4 can also become a factor to the rise in density, as suggested by Shelby in his work [9] . Then, density once again decreased as the radiation dose exceeded 20 kGy. This might be due to the creation of more vacancies in the glass structure that resulted from the process of atomic displacement and caused the network to become less dense. Table 1 shows the variations of shear and longitudinal ultrasonic velocities that passed through the glass samples as radiation dose was increased. Both ultrasonic velocities were observed to have an increasing trend along with elevation of the γ dose. The same trend was also possessed by all the elastic moduli; exact values are compiled in Table 2 . This indicated that the glasses became more compact and thus led to increment in their rigidity. Rearrangement of atom that followed breaking of bond was possibly the main factor responsible for this outcome. As a result, more BO 4 and TeO 4 structural units were produced in the glass system and thus caused escalations of the glasses' rigidity. Moreover, another approach that can be used for the characterisation of glasses and their response to the radiation damage was by studying the "ring size" of the network bond [10] . It was found to decrease after radiation as recorded in Table 1 . Hence, it can be assumed that the network bond rearranged and then formed a network with a smaller ring size, resulting in the increment of the elastic constants. [11] , Poisson's ratio is dependent on dimensionality of structure and also its cross-link density. As cross-link density of a glass network is increased, Poisson's ratio will be increased as well. This is because cross-links connect a layer of atom to another layer in a transverse direction. In the present study, the value was noted to have a decreasing trend and in the range of 0.2616 to 0.2716. This reduction confirmed the increment in the rigidity of these glasses. Furthermore, the value that was more than 0.25 showed that besides network distortion, ions in the network themselves were also deformed under stress [12] .
Results and Discussion

Conclusion
The present study gives the effects of gamma radiation on the elastic properties of thulium doped zinc borotellurite glass. The elastic moduli of the glass were found to increase with the increment in radiation dose. This indicated strengthening and elevation in glass samples' rigidity. Rearrangement of network bond as well as the formation of BO 4 and TeO 4 structural units might be the contributing factors to these changes. Data of atomic ring size showed that compaction also occurred during radiation as the value was found to decrease as radiation dose increased. This in turn will also lead to the rise of the glasses' elastic moduli.
